For example, increasing the purity of the aluminum has been found to ;in-
crease the ratio of stacking fault to perfect loops (Cotterill and Segall, 1963) . In zone refined material almost exclusively stacking fault loops were reported.
However, extreme purity does not appear to be .necessary to obtain faulted loops. Quenching experiments in this laboratory on ordinary high purity (99.999) aluminum have frequently resulted in specimens containing very nearly lOo% faulted loops (Strudel et al~, 1963) . Experiments on Al containing 3.5% magnesium show that even in .an alloy it is possible to obtain faulted loops (Westmacott et al.) . The third kind of defect that ha.s been reported. is an ootahedrl!l.l void. bounded. 'by (111) surfaces. Kirita.ni (1964) observed this defect in zone refined aluminum for a wide variety of quenching and aging conditions. 
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Further investigation of the exact conditions under ~ich each of these large defects is formed is of interest because results may be useful to supplement other information about the early stages of clustering where the defects are too small for direct observation. Defects containing less than 10 2 individual vacancies can only be studied by electrical resistivity (Federighi 1 1959), x-ray small angle scattering (Chik et al., 1962) and mechanical property measurements (Galligan and Washburn, 1963) . Application of all of these techniques combined vith electron microscopy observation of the final result of the coarsening process will probably have to be applied to the same specimens before all stages of vacancy precipitation are understood.
The observed growth of all three types of defect in aluminum to a size lar~ enough for electron microscope observation shows that transitiona from one type to another are associated ~ith high enough activation energies to make transition improbable. Saada has considered these transitiona in detail (Saada, 1963) . In aluminum the defect having the lowest energy for the range of sizes observable by transmission electron microscopy is the perfect ~ <110> loop. However, large stacking fault loops do not transf.orm to perfect loops even at 175°C. The type of defect that is eventually seen is apparently determined at an early stage when only a.
few vacancies are involved. The choice between the three defects could depend on factors such as (i) maximum vacancy supersaturation that is achieved, (ii) maximum concentration of divacancies or trivacancies that are produced during the quench, (iii) ·ratio of vacancy concentration to impurity atom concentration and (iv) internal stresses.
The purpose of the present experiments was to investigate the effect of factors other than purity on the kind of defects that are formed in (5) and perhaps even (2) and (3). In the experiments reported here we have tried to kee~ (1), (2) and (3) constant changing the quenching conditions so as to vary only the rate of cooling and the amount of dislocation motion during cooling. Even for these two variables alone it is difficult to vary one without possibly changing the other.
Specimens of two different orientations were used: (i) rolled recrystallized polycrystalline sheet which always gave {100) parallel to the surface and (11) single 'crystal sheets grown from the melt .with (112) .parallel to ~he surface.
In order to obtain large defects that would be easily recognizable as stacking fault 'loops or perfect loops or voids a relativelY low quenching temperature (540°C) was used for all experiments. A range of cooling rates was achieved by quenching specimens of dimension 2.5x2.5x0.0125 em from this temperature in three waysi (i) water, (11) oil, (iii) liquid nitrogen.
After quenching all specimens were aged at 40°C. To vary the amount of strips along one side only, to produce a thick layer of aluminum oxide.
water quenching of this type of specimen caused bending to take place during cooling. In a second series, specimens of different thickness were water quenched. Changing the thickness of the specimen was expected to cause changes both in cooling rate and dislocation motion. The thinnest specimens used were .
• 0025 em in thickness and the thickest were .04 em·.
Because the electron microscope specimen was always taken from the center of the quenched specimen, cooling rate should decrease with increasing thickness. Deformation during the quenching might be expected to be great for some areas of the thinnest specimens because it was difficult to avoid bending during entrance into the water bath. Dislocation motion should be uniformly greatest for the thick specimens because of the temperature differential between center and surface.during the quench. to be considerably smaller. In this same specimen many dislocation segments with both ends emerging at the same surface were observed (See Fig.3 ).
These could have resulted from an average loop size that was greater than the transparency thickness of the foil. Therefore it is not certain that
no loops were nucleated. From the results of the two faster quenching ,rates it can be seen that decreasing the cooling rate decreases the number of loops and increases their average size. Average defect size, and maxi• mum number of defects within the field of view at a magnification of 8ooox
·(approximately 6xl0-7 cm 2 ) are summarized in Table I .
For all three cooling rates the total concentration of excess vacancies that were accounted for by the observed defects were of the same order of magnitude as the expected equilibrium concentration of vacancies at 54ooc.
Therefore even for the slowest cooling rate there was no evidence that a large fraction of the vacancies were being los~ at other sinks. However, particularly in the case of voids the sizes and densities were only very rough estimates. For the oil quenched specimen the loops tended to be grouped into colonies. The numbers reported refer to the centers of the colonies.
,
The results differ from those reported by Kiritani (1964) in that in these experiments cooling rate was found.to have a marked effect on defect size and density whereas he found almost no effect •.. This further emphasizes the.difficulty of separating the effects of different variables. For ex· ample, whether or not quenching rate effects density and size of defects might be determined by impurity concentrations. Our results agree with those of Kiritani in that the formation of voids was favored by slow quenching rate. One specimen quenched from a higher temperature (658°C)
into liquid nitrosen was found to oont$in both a high density of loops and very small defects that could only be observed in the thinnest re~ions .... ~· I of the foil. These small defects were tentatively identified as voids.
See respectively. Average loop size increased with increasing.quenching thickness and loop density decreased. Also the greatest fraction of perfect a 2 <110> loops occur7ed for the thickest specimens. Regions that contained many perfect loops often were also regions of high dislocation density.
See Fig. 9· Irregular loops where two or more had grown together and · helical dislocations were also observed. The results for very thin specimens were variable. Some areas contained exclusively stacking fault loops whereas in others there were many perfect loops usually associated with dislocations. There were no significant differences between specimens of (100) and (112) orientation. Average loop size and loop density for specimens of different quenching thickness are summarized in Table II . The changes due to increasing the specimen thickness corresponded to those expected from a decrease in quenching rate and an increase in the amount of quenching deformation.
An important conclusion to be drawn from these experiments is that 'What may appear to be.quite minor variations in quenching procedure such as changing by a factor of only 4 the thiCkness of the specimen that is .
quenched can result in marked changes in the final loop substructure.
•
It is of interest to speculate as to why deformation during quenching increases the fraction of loops that are perfect. Passage of a moving dislocation near a stacking fault loop or contact interaction between the two always results in conversion to a perfect loop if it is above critical size (Strudel and Washburn, 1964) . This mechanism can produce some perfect loops • Handling of the specimen while thinning of mounting in the microscope certain~ moves dislocations. If in the specimens that have significant quenching deformation the dislocation density is higher t~n relatively more perfect loops will be created in this way in these specimens. Also, great care must be taken to observe foils. with low beam current. An example of the kind of changes that can take place even in the microscope is given by Fig. 10 planes that contain the Burgers vector. Therefore, these loops tend to assume rhombus shape. (Thomas and Washburn, 1963) , (Eikum and Thomas 1963) .
Perfect loops of both types can be seen in Fig. 8 . ·
The f'act that most ~ <llO> loops have well developed rhompus shape ... , .....
shews that they have been perfect during growth. It is not possible to tell whether they were nucleated as perfect loops o;r were converted from ..
stacking fault loops soon after the later reached ~ritical size (-50A diameter, Saada, 1963) . However the habit planes for rhombus loops were always between (100) and (llO), (Das and Washburn, 1964) . This suggests that the former may not have originally been stacking fault loops. Very thin specimens gave evidence for nucleation of loops by moving dislocations. for ~ <llJ> loop nucleati.on could also be enhanced along a line.
We believe that the results are consistent with the assumption that in regions of otherwise perfect crystal vacancy clustering in the material I used for these experiments always produces stacking fault loops or octahedral voids when a specimen is quenched from . 540°C, .The perfect loops that are observed come from growth of small prismatic loops left by dislocations that move during the quench or from· stacking fault loops that are converted after reaching critical size by the stress field of a nearby dislocation line. .. J2-
UCRL,-11E>74
Loop substructure in a specimen that was on~ 25 ~ thick when quenched into water at 40"C from '540°C.
of loops as in deformed specimen (Fig.~) .
Note strings
Loop substructure in a specimen that was very thick (400 ~)
when quenched into water at 40°C from 540°C. Note hexagonal perfect loops 'A' and rhombohedral perfect loops 'B'.
Region of high dislocation density in thick specimen of •
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